Background
Agranulocytosis is characterized by a severe decrease in or lack of circulating granulocytes and is defined as a neutrophil count of <0.5×10 9 /L [1, 2] . Patients with agranulocytosis are more likely to experience opportunistic infections, which can be life-threatening. Most, but not all, cases of agranulocytosis result from exposure to drugs or are a consequence of exposure to a drug metabolite as the causative agent, including chemotherapy, and idiosyncratic or unpredictable drug-induced responses to a wide range of drugs [3] . These drugs include ticlopidine, clozapine, sulfasalazine, dipyrone, angiotensin-converting enzyme inhibitors and anti-thyroid drugs [3, 4] . Over the last 20 years in the USA, the incidence of idiosyncratic drug-induced agranulocytosis has remained stable at between 2.4-15.4 cases per million, and the associated mortality rate has been estimated at 5% [3] .
The alkaloid, sinomenine hydrochloride (7,8-didehydro-4-hydroxy-3,7-dimethoxy-17-methylmorphinane-6-one, C 19 H 23 NO 4 ), CAS number 6080-33-7, is extracted from the Chinese herbal medicinal plant, Sinomenium acutum, and has been widely used for centuries in China to treat patients with rheumatic diseases. Clinical side effects typically associated with sinomenine hydrochloride therapy include gastrointestinal symptoms, allergic responses, increased serum alanine transaminase (ALT), dizziness, and leukopenia [5, 6] . This report is the first to describe a case of sinomenine hydrochloride-induced agranulocytosis.
Case Report
In April 2016, a 44-year-old woman was referred for hospital admission from our rheumatology department after presenting with a three-day history of fever and pharyngeal pain. Nine years prior to admission, she had been diagnosed with systemic lupus erythematosus (SLE) and systemic sclerosis (SSc), which were associated with skin sclerosis of the extremities and widespread arthralgia. The patient reported long-term use of methylprednisolone 8 mg/day and hydroxychloroquine 400 mg/day. The patient denied a history of smoking and did not drink alcohol. Also in April 2016, she was prescribed sinomenine hydrochloride at a dose of 180 mg/day in the outpatient department of our hospital. On April 23 rd 2016, the patient described symptoms of pharyngeal pain, discomfort and was found to have a fever that reached a maximum of 38.3°C.
On admission to hospital, physical examination showed a temperature of 36.5°C. There was fibrosis of the skin of the forearms and legs in the absence of any palpable erythema of her face. Laboratory investigations showed a hemoglobin level of 116 g/L, leukocyte count of 0. /L, an erythrocyte sedimentation rate (ESR) of 11 mm/h, and C-reactive protein (CRP) level of 2 mg/dL. Liver and renal function, complement C3 and C4 levels, and urinalysis were all normal, and there was no proteinuria. Anti-nuclear antibody (ANCA) was positive at a titer of 1/320. Anti-double stranded DNA (dsDNA) and anti-neutrophil cytoplasmic antibodies (ANCA) were negative. The Naranjo algorithm, or adverse drug reaction probability score, was 5. Chest computed tomography (CT) and electrocardiogram (ECG) were both normal. Quantification of 24-hour urinary protein was within normal limits, at a level of 56 mg.
The patient was diagnosed with SLE, SSc, agranulocytosis, and the presence of a possible bacterial infection. Infection control measures were implemented, and the patient was monitored through routine blood testing. The initial diagnostic bone marrow aspirate showed reduced numbers of granulocytes that showed an increased cell volume and enlarged cytoplasmic granules ( Figure 1A, 1B) . Histology of the bone marrow biopsy showed an absence of the mature stages of granulocyte development ( Figure 1C, 1D) .
The patient ceased treatment with sinomenine hydrochloride and was subsequently treated with recombinant granulocyte colony-stimulating factor (G-CSF) subcutaneously at a dose of 150 µg twice daily. Intravenous imipenem and cilastatin sodium were given to treat the presumed bacterial infection. The patient had a systemic lupus erythematosus disease activity index (SLEDAI) score that was very low, suggesting her SLE was stable. There was no microbial growth in blood and urine cultures; fungi D-glucan was absent from the blood, supporting a lack of fungal infection. On the third day of treatment, the leukocyte and neutrophil count increased to 1.11×10 9 /L and 0.07×10 9 /L, respectively, and her fever resolved. After ten days of treatment, the leukocyte and neutrophil counts had increased to 29. 
Discussion
Recent reports of adverse events associated with Chinese herbal medicines have increased [7] . For example, the use of herbal remedies containing aristolochic acid has recently been banned in China due to the association with renal toxicity and carcinogenicity [8] . This case has shown that agranulocytosis followed an 18-day treatment course of sinomenine hydrochloride use in a patient who presented with stable systemic lupus erythematosus (SLE).
According to a 30-year retrospective study of antithyroid druginduced agranulocytosis, bone marrow changes usually develop within 90 days following the start of therapy and typically demonstrates a female predominance [9] . The patient described in this case report had a normal granulocyte count before treatment with sinomenine hydrochloride. The Naranjo algorithm, or adverse drug reaction probability score, was 5, which indicated a probable treatment-associated adverse effect from sinomenine hydrochloride therapy. Also, other causes of agranulocytosis were excluded. Sinomenine-induced agranulocytosis was diagnosed in this case, which is the first report of this finding.
The exact mechanisms responsible for agranulocytosis in this case, and other drug-associated cases, are not well understood. The proposed mechanisms for agranulocytosis have been classified as either toxic or autoimmune [10] . In autoimmune agranulocytosis, autoantibodies against the neutrophil are generated because of a loss in self-tolerance, a phenomenon that has been reported in levamisole-induced agranulocytosis [11] . It is also possible that patient characteristics, including host genetics, appear to be key factors in future prediction and prevention of drug-induced agranulocytosis [10] .
In this case report, the bone marrow biopsy showed that the number of granulocytes were both reduced and showed a maturation disorder, which may indicate that sinomenine hydrochloride causes bone marrow suppression through an as yet unknown mechanism. Even though sinomenine hydrochloride-induced agranulocytosis appears to be rare, the potentially severe effects of agranulocytosis warrant a warning to patients who are treated with sinomenine hydrochloride, which should be discontinued if fever and a sore throat occur. We also advise monitoring of peripheral blood granulocytes during treatment with sinomenine hydrochloride.
Conclusions
For many centuries, traditional Chinese herbal medicines have played an important role in the prevention and treatment of
